Abstract. Oral cancer refers to the malignant tumors that occur in the oral cavity, of which 80% are squamous cell carcinomas. The incidence of oral cancer accounts for ~5% of the incidence of systemic malignancies, with rapid progression, extensive infiltration and poor prognosis. In the present study, Kinesin family member (KIF)20B, a member of Kinesin-6 family, was identified as a potential biomarker which could promote cancer progression. A total of 82 patients were recruited and KIF20B expression levels were investigated by immunohistochemistry, and were divided into high and low groups based on the median of KIF20B expression levels. The clinicopathological features and survival-associated data of the two groups were analyzed and the results were provided as a table and by a Kaplan-Meier plot, respectively. Additionally, KIF20B was successfully silenced in two tongue cancer cell lines, CAL-27 and TCA-8113. MTT and colony formation assay were performed to determine the changes of cell proliferation in knocked down-KIF20B cell lines. In addition, proliferation-associated proteins Ki67 and PCNA were investigated, by western blotting. In animal experiments, subcutaneous tumor formation was performed with control cells and cells with knocked down KIF20B, to determine the inhibitory effect of KIF20B in vivo. Firstly, it was found that there was significantly high expression levels of KIF20B in tongue cancer patients (P<0.05). Patients with high expression of KIF20B had poorer clinicopathological results including tumor differentiation level, lymph node metastasis and clinical stages. The overall survival and relapse-free survival of high-expression group were also poor. Secondly, after successful establishment of cells with knocked down KIF20B, this resulted in a notable reduction in cell proliferation in vitro. Subsequent western blotting further confirmed that Ki67 and PCNA expression levels had a significant decline. Finally, it was demonstrated that knocking down KIF20B could inhibit tumor volume growth in vivo. In conclusion, the high level of KIF20B in oral squamous cell carcinoma was significantly associated with poor clinicopathological features and survival. KIF20B might promote cancer development through enhancing cell proliferation in vitro, and might be a potential biomarker of oral squamous cell carcinoma.
Introduction
Oral cancer refers to the malignant tumors that occur in the oral cavity, of which 80% are squamous cell carcinomas including tongue, buccal, gingival, palatal, lip, maxillary and mandibular, mouth and oropharyngeal cancers, salivary gland adenocarcinoma and maxillary sinus cancer, as well as cancers that occur in the facial skin (1, 2) . The incidence of oral cancer accounts for ~5% of the incidence of systemic malignancies (1, 2) . Overall, 49,670 oral cavity and pharynx cancer cases were estimated in 2017 in United States, which accounts for ~3% of the incidence of systemic malignancies (2) . Oral cancer has the characteristics of rapid progression, extensive invasion and poor prognosis (1) . In early oral cancer, if there is no cervical lymph node metastasis, the use of surgery alone or radiation therapy has a good effect (1) . In advanced oral cancer, surgical treatment combined with postoperative radiotherapy would be more suitable (1) . However, the deficiency is that our understanding of oral cancer is not fully understood. The complexity of oral cancer made it hard to achieve significant results in the biological treatment of oral cancer. Therefore, biomarkers for oral cancer have not yet been fully investigated.
Kinesin superfamily proteins (KIFs) serve important roles in intracellular transport system and are essential for cellular morphology (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . KIFs are motors for transport of mitochondria during cell division (13) , and function as a biomacromolecule transporter, such as protein complexes and mRNAs to microtubules and hydrolyzing adenosine triphosphatase for energy (14) (15) (16) . These proteins are also involved in chromosome condensation and are essential in maintaining chromosomal integrity during mitosis (17) (18) (19) (20) (21) (22) (23) . superfamily is a sub-family of KIFs, which function during cytokinesis, establishing telophase spindle structure and mobilizing mitotic regulator proteins (24, 25) . Kinesin-6 are also involved in microtubule transport (26) . KIF20B, which is also known as membrane palmitoylated protein 1 (MPP-1) or MPHOSPH1, is a member of the Kinesin-6 family (3, 4) . KIF20B was first identified as a plus-end-directed kinesin-associated protein and was phosphorylated at the G2/M transition (3, 4) . KIF20B could also influence microtubule-binding, microtubule-bundling properties and microtubules-stimulated adenosine triphosphatase activity in vitro, and is essential for cytokinesis in cell cycle (5) . KIF20B was recently found to serve important roles in multiple types of cancer, which could function as cancer-testis antigen specific to human bladder cancer (4, 6) , and KIF20B was associated with cell prolifera-,6), and KIF20B was associated with cell prolifera-), and KIF20B was associated with cell proliferation, apoptosis and tumor growth in hepatocellular carcinoma targeting p53 (7) . Several studies have indicated that KIF20B serves a role in tumor progression, including colorectal cancer, hepatocellular carcinoma, pancreatic cancer and bladder cancer (4, (6) (7) (8) (9) (10) . In addition, KIF20B predicts poor prognosis, and is associated with cell proliferation, apoptosis and tumor growth in hepatocellular carcinoma through targeting p53 (7, 10) . However, the function and mechanism of KIF20B in different tumors has not been fully elucidated, and further discussions are still needed.
To explore the function and the role of KIF20B in tongue cancer, a total of 82 patients were recruited and KIF20B expression levels were investigated by immunohistochemistry. Next, the clinicopathological features and survival-associated data of the two groups were analyzed and the results were provided as a table and by a Kaplan-Meier plot, respectively. In addition, the function of KIF20B in tongue cancer in vitro and in vivo was examined. Therefore, through the above results, KIF20B might be a potential biomarker for tongue cancer and could become a novel target for biotherapy.
Materials and methods
Specimen collection. A total of 82 surgical tongue cancer specimens from January 2005 to March 2009 were collected from the Fifth Central Hospital of Tianjin. Age, sex, tumor stage, and pathologic diagnosis including lymphatic and venous invasion data were retrospectively collected. Participants provided written informed consent, whose preoperative diagnosis was clear, without other systemic serious diseases, with indications of surgical resection, with clear pathological diagnosis following surgical resection and with no serious systemic complications following surgery. No evidence of tumor metastasis was confirmed by cross-sectional imaging in all patients. The present study was approved by the Ethics Committee of the Fifth Central Hospital of Tianjin.
Immunohistochemistry (IHC) and scoring. IHC staining was performed on paraffin-embedded tissue sections (4 µm thickness) by using the polymer peroxidase method, with tongue cancer and adjacent non-cancerous samples fixed overnight in 20% phosphate buffered formalin (pH 7.4) at room temperature. After deparaffinization with xylene and rehydration with an alcohol-water mixture, the sections were treated with 0.3% hydrogen peroxide in methanol at room temperature for 30 min before being heat-treated with 10 mM citric acid (pH 6.0) for antigen retrieval and in order to disrupt endogenous peroxidase activity. After washing with PBS, the sections were incubated with rabbit polyclonal anti-KIF20B antibody (cat. no. NBP1-88042; 1:100; Novus Biologicals, Ltd., Cambridge, UK) at 4˚C overnight. After washing with PBS, slides were treated with horseradish peroxidase-conjugated goat anti-rabbit secondary antibody (cat. no. PV-6001; 75 µl; Zhongshan Jinqiao Biotechnology Co., Ltd., Beijing, China) for 30 min at room temperature. Staining with diaminobenzidine (cat. no. ZLI-9018; OriGene Technologies, Inc., Beijing, China), and then stained with 0.5% hematoxylin for 20 sec at room temperature.
KIF20B expression scoring was based on the staining area and staining intensity. Semi-quantitative results were obtained to judge the percentage of microscopically positive cells and staining intensity. Five high-power fields (magnification, x200) were observed per slice, the percentage of positive cells was counted as follows: If the number of positive cells was <5% this corresponded to 0 point, if it was 5-25% this corresponded to 1 point, if it was 26-50% this corresponded to 2 points, if it was 51-75% this corresponded to 3 points, and if it was 76-100% this corresponded to 4 points. Positive staining intensity: 0 for no color, 1 for light yellow, 2 for brown and 3 for dark brown. The two scores were multiplied by the positive rating: 0 was negative (-), 1-4 was weakly positive (+), 5-8 was positive (++), and 9-12 was strongly positive (+++).
Cell culture. CAL-27 and TCA8113 tongue cancer cell lines used in the present study, were obtained from the American Type Culture Collection (Manassas, VA, USA). CAL-27 was cultured in Dulbecco's Modified Eagle's Medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) with 10% fetal bovine serum and TCA8113 cells were cultured in RPMI-1640 (both Gibco; Thermo Fisher Scientific, Inc.) with 20% fetal bovine serum. The cells were kept in a 37˚C incubator with 5% CO 2 and 40-70% humidity. Cells were regularly monitored using a light microscope, and subcultured as soon as they reached 80-90% confluency.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and primers. Total RNA was extracted from cells using TRIzol reagent (Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. cDNA was synthesized from 2 µg of total RNA with a random hexamer using the Roche-Transcriptor First Strand cDNA Synthesis kit (Roche Diagnostics, Basel, Switzerland). These cDNAs were used for the measurement of gene expression. The expression of KIF20B was quantified using RT-qPCR using the SYBR Green PCR kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) The following thermocycling conditions were used: 95˚C for 2 min, followed by 35 cycles of 95˚C for 5 sec, 55˚C for 30 sec and 72˚C for 30 sec, and final extension at 72˚C for 6 min. GAPDH was used as the internal reference gene. The primers sequences were: KIF20B forward, 5'-CCG GGA AAG TAA ACT GAC TCA C-3' and reverse, 5'-TTC TAG CTC CTC AAC CAA ATC CT-3'; GAPDH forward, 5'-CGA CCA CTT TGT CAA GCT CA-3' and reverse, 5'-GGT TGA GCA CAG GGT ACT TTA TT-3'. Relative KIF20B gene expression was calculated using the 2 -ΔΔCq method (11) .
RNA interference and transfection.
A total of four small hairpin (sh)RNAs were purchased from Vigene Biosciences (Rockville, MA, USA). However, shRNA 1 (NM_016195) was the most effective one and was therefore used in subsequent experiments (NM_016195, AAT AAA TTT CGA TGG CAT TAA GC). KIF20B was silenced using the following specific short hairpin RNA (shRNA) with sequences. A scrambled sequence was used as a negative control. The shRNAs was synthesized by ViGene Bioscience (SH836784). Lipofectamine ® 3000 (Invitrogen; Thermo Fisher Scientific, Inc.) was used for the shRNA transfection (500 ng/µl), according to the manufacturer's protocol. A total of 10x10 5 cells per well in a 6-well plate were provided in four groups including: Sh-KIF20B group transfected with shRNA targeting KIF20B, negative control group transfected with promiscuous sequences without transfection. Silencing efficiency was measured by RT-PCR and western blotting after 48 h transfection.
Western blotting. A total of 50 µg of protein was extracted by protein lysate buffer (cat. no. M329-10ML; VWR International, Radnor, PA, USA) from CAL27 or TCA8113 cells, and the concentration of protein was measured with a bicinchoninic acid protein assay kit (Beyotime Institute of Biotechnology, Haimen, China). Then the protein was transferred to nitrocellulose membranes after 10% SDS-PAGE. The membranes were blocked and incubated with primary antibodies, including anti-KIF20B antibody (cat. no. NBP1-88042; 1:100; Novus Biologicals), mouse anti-β-actin (cat. no. 3700; 1:500; CST Biological Reagents Co., Ltd., Shanghai, China), rabbit anti-Ki67 (1:1,000; cat. no. ab16667; Abcam, Cambridge, UK), mouse anti-proliferating cell nuclear antigen (PCNA; 1:1,000; cat. no. 2586; CST Biological Reagents Co., Ltd.) monoclonal antibodies overnight at 4˚C, and then incubation with the goat anti-rabbit (1:10,000; cat. no. 711-1122; Rockland Immunochemicals, Inc., Limerick, PA, USA) or goat anti-mouse (1:10,000; cat. no. 110-1103; Rockland Immunochemicals, Inc., Limerick, PA, USA) secondary antibodies at 37˚C for 1 h. Western blot data were quantified by densitometric analysis with ImageJ software version 1.8.0 (National Institutes of Health, Bethesda, MD, USA), and the relative expression level was normalized by the internal standard β-actin.
Colony formation assay. Each group of cells in the logarithmic growth phase was selected and digested with 0.25% trypsin and then splashed into single cells. The cell suspensions were diluted and each group had a gradient density of 50, 100, 200 cells per dish and were inoculated with 10 ml at 37˚C culture medium in the dish, and cells were shaken gently to be evenly dispersed. The cells were incubated in a 37˚C, 5% CO 2 and saturated cell culture incubator for 7 days. When macroscopic colonies appeared in the culture dish, the culture was terminated. The supernatant was discarded and cells were carefully washed twice with PBS. Cells were fixed with 4% paraformaldehyde at room temperature for 15 min. Subsequently, the fixative was removed, and an appropriate amount of GIMSA staining solution was used at room temperature for 10-30 min. Subsequently, cells were washed with running water and left to dry in the air. Colonies were then counted with a light microscope.
MTT assay for cell viability. Cells were cultured in the aforementioned culture solutions with 10% fetal bovine serum and 5,000 cells per well were seeded into 96-well plates. After 3-5 days of culture, 20 µl of MTT solution was added (5 mg/ml in PBS) to each well for 4 h at 37˚C. The culture supernatant was carefully discarded. Subsequently, cells were centrifuged 560 x g at 4˚C. A total of 150 µl dimethyl sulfoxide was added to each well and was shaken for 10 min at room temperature to allow the pellet to fully dissolve. Optical density was obtained at a wavelength of 490 nm.
In vivo xenograft assay. BALB/c nude mice (age, 5 weeks; female, 20-25 g; n=10) were provided by Shanghai SLAC Laboratory Animal Co., Ltd. (Shanghai, China) and mice were housed in pathogen-free animal facilities at 20-25˚C and 40-70% humidity in a 12 h light/dark cycle, with free access to food and water. A total of 2x10 6 cells were injected subcutaneously into nude mice and the tumor volume was measured. Mice (8 per group) were randomized into two groups and treated with CAL-27 control cells and CAL-27 KIF20B shRNA cells. After injection, the animals were housed for three weeks. The volume of the tumor was measured every three days from the third week using a Vernier caliper. The tumor volume was calculated as follows: Tumor volume (mm Statistical analysis. The data were analyzed by IBM SPSS version 22.0 software (IBM Corp., Armonk, NY, USA). For immunohistochemistry experiments, the association between KIF20B expression and clinicopathological features was assessed using the χ 2 test. Association of survival and tumor progression with KIF20B expression was estimated by the Kaplan-Meier method and the log-rank test. Data are shown as the mean ± standard deviation. Student's t-test was used for statistical comparisons. P<0.05 was considered to indicate a statistically significant difference.
Results

KIF20B is highly expressed in tongue cancer and is associated
with poor clinicopathological features. KIF20B antibody was used on the cancer tissue and corresponding paraneoplastic tissue for the immunohistochemistry experiments, and it was found that there was significantly higher expression levels of KIF20B in cancer tissues, compared with the noncancerous ones. Tongue cancer (Fig. 1A) and paired para-carcinoma tissue samples (Fig. 1B) were collected from 82 patients, and were divided into high and low groups according to the expression of KIF20B. High KIF20B expression was found in 40/82 cases and low KIF20B was found in 42/82 cancerous tissues. The results showed that the expression levels of KIF20B were different between carcinoma and adjacent normal tissues. High KIF20B expression was found in 25/82 cases and low expression in 57/82 cases. High KIF20B expression was relatively lower in adjacent normal tissues (high-positive rate, 40/82 vs. 25/82; χ 2 =7.293; P<0.05). By analyzing the clinicopathological data of the two groups, the expression level of KIF20B was closely associated with clinical stage (P<0.05) and lymph node metastasis (P<0.05) in tongue cancer, but not with age, sex, tumor size and cell differentiation ( Table I ). The differences in tumor differentiation refers to a comparison of well-differentiated and moderately-poorly differentiated tumors. Clinical stage refers to the phase I, II, III and IV comparison, as seen in Table I . From the above results, it seems that patients with high expression of KIF20B had significantly poor clinical and pathological features, compared with the low-expression group.
High KIF20B expression leads to poor clinical outcomes.
Kaplan-Meier survival curve was used to analyze the clinical outcomes of these two groups of patients. A 5-year overall survival (OS) and disease-free survival (DFS) was performed with these 82 patients. As shown in Fig. 1C , postoperative OS and DFS for KIF20B high expression group were significantly worse than the low expression group (P<0.05). It can be seen that the KIF20B high expression group was significantly poorer both in OS and in DFS. These results indicate that the expression of KIF20B could affect the overall postoperative survival time and recurrence-free survival time in patients with tongue cancer, and was closely associated with the clinical outcomes of tongue cancer.
Knockdown of KIF20B suppresses cancer cell proliferation.
Based on the above findings, the role of KIF20B in tongue cancer cell lines was investigated. Two tongue cancer cell lines, CAL-27 and TCA8113 were used for the in vitro experiment. The expression of KIF20B in both cell lines was investigated by RT-qPCR and western blotting. KIF20B was knocked down in both cell lines using shRNA and the knockdown efficiency was tested by RT-qPCR and western blotting (Fig. 2) . The results showed that KIF20B was expressed in both cell lines and shRNA knocked down the expression of KIF20B in both cell lines successfully.
MTT and colony formation assay were used to detect the impact of KIF20B knockdown in the viability of these two cell lines. Following knockdown of KIF20B, proliferative ability of CAL-27 and TCA8113 cells was significantly inhibited (Fig. 3A and B) , indicating that the knockdown of KIF20B might inhibit cell proliferation. Furthermore, expression levels of proliferation-associated proteins PCNA and Ki67 were investigated by western blotting (Fig. 3C  and D) . The results showed that the expression levels of Ki67 and PCNA were significantly decreased after knockdown of KIF20B (P<0.05), suggesting that KIF20B may regulate the proliferation of tongue cancer cells by affecting the exprestongue cancer cells by affecting the exprescells by affecting the expression of PCNA and Ki67, but this needs to be validated with further experiments.
Knocking down KIF20B in vivo results in smaller tumor.
Through the above experiments and analysis, it seems that knockdown of KIF20B could inhibit the proliferation of tumor cells in vitro, but it was not known whether it had the similar effect in vivo. Therefore, a subcutaneous tumor formation experiment in nude mice was performed to explore the impact of knocking down KIF20B on tumor formation in vivo. Nude mice were divided randomly into two groups, one was subcutaneously implanted with shRNA-KIF20B cells, which lacked KIF20B expression, and the other group was subcutaneously implanted with normal control cells. The volume of the tumors were analyzed after 4 weeks, and the results showed that, the tumor volume of shRNA group was significantly smaller than that of the control (P<0.05; Fig. 4A ). KIF20B was indeed significantly knocked down in shRNA group, as detected by western blotting (Fig. 4B) and immunohistochemistry (Fig. 4C) . Immunohistochemistry results also showed that Ki67 and PCNA protein expression levels were significantly decreased after knockdown of KIF20B (P<0.05; Fig. 4D ). The above results showed that knocking down KIF20B could reduce tumor growth in vivo. 
KIF20B expression ---------------------------------------------------------------
Discussion
KIF20B was first identified as a plus-end-directed kinesin-associated protein and is phosphorylated at the G2/M transition (3). KIF20B could also influence microtubule-binding, microtubule-bundling properties and microtubules-stimulated ATPase activity in vitro, and is essential for cytokinesis in cell cycle (5) . KIF20B is reported to be required for efficient cytokinetic furrowing and timely abscission in human cells, which could regulate late steps of maturation including ESCRT-III recruitment and the microtubule constriction sites formation (27) . Due to the important function of KIF family, abnormal KIFs expression often leads to a series of cell dysfunction. Overexpression of KIFs might result in a series of errors including excessive spindle separation, premature separation of sister chromatids, advanced leads, and eventually bipolar or unipolar spindles, while lost expression of KIFs might lead to the opposite result (28) . Abnormalities in these functions might eventually lead to the development of different diseases, including tumors (3-10). KIF20A was reported to promote the invasiveness of pancreatic cancer by regulating the transport of insulin like growth-binding protein 3-containing stress granules (29) (30) (31) (32) . Downregulation of KIF20A could cause genistein-induced mitotic arrest in gastric cancer cells (33) , and KIF20A also had a role in breast cancer (34) . Shear variants of KIF23 can lead to shortened survival in patients with hepatocellular carcinoma (35) , and high expression of KIF23 is closely associated with the survival of patients with lung cancer (36) . KIF23 could also promote glioma progression and being regulated by transcription factor 4 (37, 38) . As a member of kinesin-6 family, KIF20B functions as cancer-testis antigen specific to human bladder cancer (4, 5) , which is associated with cell proliferation and tumor growth in hepatocellular carcinoma through targeting p53, serving a crucial role in cancer (6-10). However, unlike KIF20A, there are few studies on the function and mechanism of KIF20B in tumors (4,6-10), especially in tongue cancer. In the present study, it was found that KIF20B was significantly overexpressed in tongue cancer patients. These results were consistent with previous studies in other types of cancer (4, (6) (7) (8) (9) (10) . Furthermore, high expression of KIF20B was associated with advanced tumor stage, lymph node metastasis and poor prognosis, suggesting that KIF20B may serve an important role in the development process of tongue cancer. Additionally, consistent with previous reports demonstrating high KIF20B expression is associated with poor prognosis in hepatocellular carcinoma (10) , the results of the present study showed that high KIF20B expression may be closely associated with worse clinical prognosis of tongue cancer.
Most studies targeting KIF20B remained focused on its normal function (3, 5, 27) . KIF20B was previously demon- (3, 5, 27) . KIF20B was previously demon-. KIF20B was previously demonstrated to function as an 'onco-protein' in lung, hepatocellular, pancreatic, colorectal and bladder cancer (4, (6) (7) (8) (9) (10) . However, there is no study of tongue cancer about KIF20B. Therefore, cell assays were performed using two oral squamous cell carcinoma cell lines CAL-27 and TCA8113. The expression of KIF20B was measured in both cell lines and KIF20B was subsequently knocked down in both cell lines using shRNA. Consistent with previous studies (4, (6) (7) (8) (9) (10) , the results of the present study demonstrated that decreased KIF20B significantly inhibited tumor cell proliferation by mediating proliferation-associated protein expression, such as PCNA and Ki67.
By cell experiments, KIF20B is likely to serve an important role in the proliferation and metastasis of tongue cancer cells. To further verify if KIF20B has similar effects in vivo, a subcutaneous tumorigenic experiment was performed in nude mice using stable knockdown cell lines. The results showed that knockdown of KIF20B could inhibit tumor volume, thereby inhibiting tumor progression, in vivo. Perhaps owing to the small number of the cells and the low malignancy of the tumor, there was no significant difference between the control and the shRNA group on day 14, although it seemed that the tumor was a little smaller in the shRNA group than that in the control group. And the significant difference between the control and the shRNA group on the day 29. Based on the above, it seems that KIF20B serves a very important role both in vivo and in vitro. Therefore, KIF20B can affect tongue cancer progrestongue cancer progres-progression, but this needs to be verified. tongue cancer is a very complex disease, many factors may lead to its occurrence and development (1). There are not many reports on biomarkers for tongue cancer, so this needs to be investigated further.
KIF20B may be a potential tumor marker for tongue cancer and its expression levels may be able to reflect the progression status of patients with tongue cancer, to some extent, making it a potential factor to predict the prognosis, but this needs to be validated further.
In conclusion, in the present study, KIF20B was found to be closely associated with tumor differentiation, lymph node metastasis and clinical stage through clinical analysis, as well as with prognostic indicators such as survival and recurrence. Subsequently, knockdown of KIF20B could inhibit cell proliferation, in vitro. Additionally, knockdown of KIF20B could reduce tumor volume, in vivo. KIF20B could promote tongue cancer progression in vitro and in vivo, therefore KIF20B might be a potential biomarker for tongue cancer, and might be a novel target for biotherapy.
